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ABSTRACT RNA transcripts complementary to at least one
of the four fi-globin homologous genes (ph) are found in high con-
centration in the murine erythroleukemic (MEL) cell line GM979
after butyric acid induction. Hybridization data indicate that the
gene expressed isHbb-/hOorHbb-fhl, or both. The level of[hO/
1 transcripts in the MEL cell is similar to the level of adult tran-
scripts. The Hbb-(hO/l transcript is about 800 nucleotides in
length. In addition, there is a larger (3hO/l transcript of the same
size and relative intensity as the adult fi-globin precursor.
We also report significant levels ofembryonic gene Hbb-y tran-
scripts in induced GM979 cells. We have determined that the
GM979 cell line has the [Hbb]S haplotype on the basis of an ex-
amination of its globin DNA restriction pattern. An additional
MEL cell line of haplotype [Hbb]d (DBA/2 line 6A11A) was ex-
amined and found to contain no significant level ofHbb-phO, Hbb-
Phi, Hbb-ph2, or Hbb-y gene transcripts.
Structure analyses of the genes specifying the (3-globin chains
in the mouse, Mus musculus, indicate a complex locus. At least
seven (3globin-like structures are closely linked within 65 kilo-
bases (kb) ofDNA (1-4). Four alleles are known specifying the
adult 3-globins at the locus Hbb (5). Mice carrying the s allele
synthesize as adults a single (3-globin chain, Ss. The d allele at
the Hbb locus gives rise to two adult 3globin chains, Pdmajor
and pdminor (pdmaj and pdmin). The p allele gives rise also to two
3-globin chains, ppmaj and ,3pmin. ppmin differs from pdmin by two
amino acids. The fourth allele, s(dp), is the consequence of a
radiation-induced duplication of a segment of the chromosome
bearing this gene complex (6).
Two different alleles have been found at the Hbb-y locus,
which specifies the embryonic proteins y' or y2. The y1 allele
is always found associated with the [Hbb]S haplotype, and y2,
with [Hbb]d (7, 8). No allelic variation has been identified at the
locus specifying the embryonic 3-globin-like protein, z.
The current nomenclature for the genes in this region has
problems due to the usages that have evolved in different lab-
oratories and the use ofa single name, (, to specify two different
adult genes. Hence, we propose here to utilize the nomencla-
ture for complex loci proposed by the Committee on Standard-
ized Genetic Nomenclature for Mice (9). We suggest that [Hbb]
designate the /3-globin complex located on chromosome 7. We
will use (31 and (32 to designate the two adult loci.
By using that nomenclature, the organization of the [Hbb]d
haplotype is 5' Hbb-y3, Hbb-/3hO, Hbb-f8hl, Hbb-f8h2, Hbb-
h3, Hbb-,81dwj, Hbb-(32&wn 3' (1). The Hbb-y3 allele desig-
nation at the Hbb-y locus was assigned by Jahn et at (1) because
the nucleic acid sequence of the cloned gene was not identical
to the amino acid sequence of y2 (10), the allele normally as-
sociated with the BALB/c mouse (7, 8). Data from genomic
probings shows the presence of only a single Hbb-y gene in
BALB/c animals (unpublished results). Therefore, the discrep-
ancy between the and y3 proteins must be due to errors in
sequence determination or to the presence of different alleles
in the two strains used for the DNA and protein analyses. The
other embryonic gene, Hbb-z, has not been isolated.
At least partial DNA sequence data is available for all seven
genes: Hbb-y3 (1, 11), Hbb-fBhO (ref. 1; A. Hill, personal com-
munication), Hbb-fBhl (ref. 1; S. J. Phillips, personal commu-
nication), Hbb-fh2 (ref. 1; S. J. Phillips, personal communi-
cation), Hbb-/3h3 (ref. 1; unpublished results), Hbb-fl1dad, and
Hbb-,f2dmin (12, 13). From sequence data, the Hbb-/3hO and
Hbb-fBhl genes are about as closely related to each other as are
Hbb-/31d"'4 and Hbb-'(2dnmn (1). Hbb-(3h2 shares 72% nucleo-
tide homology with its most closely related mouse globin coun-
terpart, the adult 82dtrun gene (S. J. Phillips, personal com-
munication). Hbb-f8h3 is a structure that has lost a large portion
of the 5' end of the second coding block. Because of the pres-
ence of termination codons in all reading frames, 3h3 cannot
code for a globin-like protein.
It is not known whether any of the homologous genes are
functional. Not all of these structures possess features that
would preclude transcription or translation. Hence, we have
examined the transcription of these genes in murine erythro-
leukemia (MEL) cells. MEL cells may be induced to produce
globin mRNA and protein by various chemical inducers. Many
MEL cell populations contain a low level ofglobin mRNA when
proliferating in the uninduced state, but, during erythroid mat-
uration, the concentration ofglobin mRNA increases 5-100-fold
(14).
In the work described here, we used cell lines derived from
mouse strains DBA/2 and DDD. These strains possess the
[Hbb]d and [Hbb]S haplotypes, respectively. We analyzed RNA
transcripts in the DDD-derived cell clone GM979 because an
unidentified globin protein had been reported in that line after
induction (15). Wu and Zucker speculated that the unknown
protein was either the adult pmin.-globin or a fetal hemoglobin
because the isoelectric point of the protein was similar to that
of a putative fetal /3-globin. Within this framework, we exam-
ined RNAs from clone GM979 to determine whether Hbb-y,
Hbb-(3hO, Hbb-fBhl, or Hbb-(3h2 are transcribed.
MATERIALS AND METHODS
Cell Cultures. Two types of MEL cells were used in this
study, both provided by D. Axelrod, Rutgers University. One
Abbreviations: [3h, 3-globin homologous genes; np, nucleotide pairs;
kb, kilobases; MEL, murine erythroleukemia; Me2SO, dimethyl sulf-
oxide; NaCI/Cit, 0.15 M NaCVO.015 M trisodium citrate; maj and min,
major and minor.
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type of MEL cell was derived from DDD mice by Ikawa et al.
(16) and referred to by them as T3CL2. In this paper the T3CL2
line is referred to as GM979, which is the line designation used
by the Human Genetic Cell Repository, Camden, NJ. The sec-
ond type ofMEL cell was derived from DBA/2 mice by Friend
et aL (17, 18) and referred to by them as 745A. From progeny
of these cells, Axelrod isolated a highly inducible clone referred
to as 6A11A (19). All MEL cells were maintained in logarithmic
phase at a density of 1-10 x 105 cells per ml by serial passage
in Dulbecco's modified Eagle's medium with 10% fetal calf
serum. RNA was prepared from cells that were induced at 1
X 105 cells per ml and grown for 44 hr in the presence of 140
mM dimethyl sulfoxide (Me2SO) (1%) or for 96 hr in 1 mM bu-
tyric acid (19); 6A11A cells induced with Me2SO were obtained
from D. Axelrod.
Isolation of Mouse Embryos. At day 14 of gestation (the day
on which vaginal plugs were observed was taken as day 0), preg-
nant BALB/c mice were killed by cervical dislocation. Embryos
were dissected free ofplacentas, washed in cold phosphate-buf-
fered saline (pH 7.4), quickly frozen in liquid nitrogen, and
stored at -700C.
Isolation of RNA. Total cellular RNA from MEL cells was
prepared essentially as described (21). Cells (2 x 108) were
washed in phosphate-buffered saline and resuspended in 5.4
ml of 7 M guanidine.HCVO. 1 M Tris HCl, pH 8.0/1% N-lau-
rylsarcosine/10 mM vanadyl-ribonucleoside complex and were
disrupted at 40C with 40 strokes in a Dounce homogenizer,
pestle B. [Vanadyl-ribonucleoside complex (Bethesda Research
Laboratories) was used as a ribonuclease inhibitor (22).] After
adding 0.5 g of CsCl per ml, the solution was layered onto a 3-
ml cushion of 5.7 M CsCVO.1 M EDTA, pH 8.0, and centri-
fuged in an SW 41 rotor at 32,000 rpm for 48 hr. The RNA pellet
was resuspended in 0.15 M NaCVO.01 M Tris, pH 7.5/0.005
M EDTA/0.5% NaDodSO4 and was extracted twice for 5 min
with 1 vol ofphenoVCHCl3, 1:1 (vol/vol), and then with CHC13
alone. RNA was precipitated from the aqueous phase with 2 vol
of ethanol at -20°C overnight.
To prepare mouse embryonic RNA, embryos were thawed
in 7 M guanidine-HCV/0.1 M Tris-HCl, pH 8.0/1% N-lauryl-
sarcosine/10 mM vanadyl-ribonucleoside complex and homog-
enized at 4°C with 10 strokes in a Potter-Elvehjem tissue
grinder. RNA was isolated as described before.
Preparation of Probes. The probe used for identification of
Hbb-,1ld'a1-globin gene transcripts was a 1,600-nucleotide-pair
(np) Hha I fragment from the plasmid pCRL:PM9, made by
Rougeon and Mach (23). The probe used for identification of
Hbb-y globin transcripts was a HindII fragment (1,450 np) from
a cDNA plasmid made by Fantoni et aL (10). The ,BhO-specific
probe was prepared by isolation of a 750-np HindIII fragment
from pHE100. The ,Bhi-specific probe was prepared by isola-
tion of a 635-np Xho I-BamHI fragment from pHElll. The
(3h2-specific probe was prepared by isolation of a 400-np Pst
I-BamHI fragment from pHE112. The above fragments for the
homologous gene probes contained the first two coding blocks
and the small intervening sequence ofthe respective genes. The
DNA fragments used were prepared by electroelution from
agarose gels in dialysis tubing, followed by extraction with 1 vol
of phenoVCHCl3 and then with CHC13 alone. DNA was pre-
cipitated with 2.5 vol of ethanol at -20°C overnight. pHElll
and pHE112 are plasmids containing genomic BamHI frag-
ments from the 5' end of Hbb-fPhl and Hbb-,fh2, respectively
(S. J. Phillips, personal communication). pHE100 is a similar
subclone in pBR322 containing a 3,600-np genomic EcoRI frag-
ment [fragment B (1)] from the 5' end of /3hO.
In order to increase recovery ofprobes after nick translation,
the small purified DNA fragments were self-ligated to increase
their size in 10-ulI of 20 mM Tris HCl, pH 7.4/10 mM MgCl2/
1 mM dithiothreitol/1 mM EDTA/5 AM ATP/0. 1 unit of T4
DNA ligase. The reaction was allowed to proceed for 16 hr at
12'C. DNAs were nick-translated to specific activities of 1-4
X 108 cpm/Ag as described (24) by using deoxynucleoside [a-
32P]triphosphates (580 Ci/mmol; 1 Ci = 3.7 X 10"° becquerels)
from New England Nuclear. All recombinant DNA experiments
were carried out under the containment conditions specified
by the National Institutes of Health guidelines for recombinant
DNA research.
Analysis of (Globin-Specific RNA Sequences (RNA Gel
Blot Hybridization). Electrophoresis of RNA in agarose/2.2 M
formaldehyde gels (containing 0.5 Ag of ethidium bromide per
ml) was performed as described (25) except that the electrode
buffer was 20 mM 4-morpholinepropanesulfonic acid, pH 7.0/
5mM sodium acetate/i mM EDTA (B. Seed and D. Goldberg,
personal communication). 28S and 18S rRNA were used as
molecular weight markers. RNA gels were soaked in 3 M NaCl/
0.3 M sodium citrate, pH 7, and transferred to nitrocellulose
filters by the procedure of Southern (26). RNA gel blots were
hybridized to nick-translated probes by the procedure of Wahl
et aL (27) with modifications. RNA blots were placed in 30 ml
of 50% (vol/vol) formamide/0.75 M NaCl/0.075 M sodium ci-
trate, pH 7, containing 1% glycine/Denhardt's (28) reagent
[0.1% bovine serum albumin/0. 1% polyvinyl pyrrolidone/
0.1% Ficoll (Mr, 400,000)] and 100 ,ug of salmon sperm DNA
per ml in a polyethylene bag and were preincubated with agi-
tation at 42°C for 1 hr. The nick-translated probe and a mixture
of DNAs and RNAs [poly(rA), poly(rC), tRNA, E. coli DNA,
and salmon sperm DNA] were denatured and added to the hy-
bridization buffer mixture [final concentrations, 10% (wt/vol)
dextran sulfate/50% formamide/0.9 M NaCl/O.09 M Na ci-
trate, pH 7/0.02% bovine serum albumin/0.02% polyvinyl pyr-
rolidone/0.02% Ficoll and 8 ,g of poly(rA), 8 ,ug of poly(rC),
200 Zg of yeast tRNA, 8 ,g ofE. coli DNA, and 50 Ag ofsalmon
sperm DNA per ml]. Stringent hybridizations were carried out
at 42°C for 12-20 hr. Filters were washed at room temperature
for 30 min in 0.3 M NaCl/0.03 M Na citrate, pH 7/0.1%
NaDodSO4 and then at 52°C for 1.5 hr in 0.01 M NaCVO.001
M Na citrate, pH 7/0.1% NaDodSO4, dried, and exposed to
Kodak XAR-5 film with a Dupont-Cronex Lightning Plus in-
tensifying screen at -70°C. Exposure times varied from 1 hr
for transfers ofadult /-globin gene transcripts and 8 hr for trans-
fers of Hbb-y transcripts to 20 hr for transfers of ,3hO and (3hl
transcripts.
DNA Samples, Gel Analyses, and DNA Transfers. DNA
from BALB/c or C57BL/10 mice was extracted from liver tissue
and purified (29). DNA from MEL cells was prepared as follows.
Cells (5 x 107) were washed in phosphate-buffered saline, re-
suspended in lysis buffer [20 mM Tris, pH 8.1/1 mM EDTA/
0.15 M NaCl/0.5% NaDodSO4], extracted four times with 1 vol
ofphenoVCHCl3, and twice with ether, and precipitated with
ethanol. The precipitate was suspended in 0.01 M Tris (pH 7.4),
treated with 500 units of ribonuclease A (Sigma) for 30 min at
37°C, and precipitated again with 2.5 vol of ethanol. After en-
donuclease digestion, the DNA was fractionated by agarose gel
electrophoresis and transferred to nitrocellulose filters by the
procedure of Southern (26). (The transfer procedure was for
12-20 hr with 1.5 M NaCVO. 15 M Na citrate, pH 7.) Southern
blots were then hybridized to nick-translated probes as de-
scribed (27).
RESULTS
The ,3-Globin Haplotype of GM979. Although one DDD
mouse line has been reported to have a [Hbb]d haplotype (30),
other DDD mice possess the [Hbb]s haplotype (B. P. Alter,
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personal communication). Therefore, it was necessary to de-
termine whether the GM979 (DDD) cells had the [Hbb]d or
[Hbb]S fl-globin haplotype. Because the DNA phenotypes ofthe
[Hbb]S and [Hbb]d haplotypes are quite distinct (31), we probed
an EcoRI digest of MEL cell GM979 (DDD) DNA with adult
3globin cDNA sequences to determine the DDD /-globin
haplotype. The observed pattern of GM979 DNA fragments
hybridizing to f&globin sequences was identical to that of the
C57BL/10 DNA (a [Hbb]S mouse strain) (Fig. 1). Hence, we
conclude that the /3-globin haplotype of GM979 (DDD) cells
is [Hbb]s.
Because the hybridization probes used in this study were
derived from the [Hbb]d haplotype, we did the following ex-
periments to establish their usefulness with the [Hbb]S MEL
cell line. Each probe was hybridized to transferred (26) restric-
tion digests of genomic DNA from GM979 (DDD) cells and
BALB/c ([Hbb] ) mice. The [Hbb]S fragments that are analo-
gous to the region of [Hbb]d DNA specifying nonadult 3-globin
are known from mapping of genomic clones from the [Hbb]S
mouse line C57BL/10 (2, 3). The probes hybridized most in-
tensely to the expected fragments in both DNAs with an iden-
tical degree ofcross-hybridization among the different ,B3globin
genes (data not shown). We conclude that the probes can detect
,B-globin gene transcripts equivalently in RNA derived from
[Hbb]d or [Hbb]S mice.
Transcription of the Adult Genes. Total cellular RNA was
purified from the MEL lines 6A11A and GM979 after butyric
acid induction and from line 6Al1A after Me2SO induction. The
RNA was fractionated by electrophoresis in a formaldehyde gel
and then transferred to filters for hybridization analysis. The
probe for adult sequences was an adult cDNA clone that shows*
only weak cross-hybridization with the embryonic and homol-
ogous (3globin genes under stringent hybridization conditions.
[Our stringency conditions were those specified in Materials
and Methods and include hybridization in 50% formamide at
42°C for =16 hr.] As expected, all MEL lines were stimulated
to synthesize large amounts of adult RNA (Fig. 2A, lanes a-c)
when compared with uninduced cultures (Fig. 2A, lanes e and
f). Adult message also was found in large amounts in the 14-day-
old transitional embryo (Fig. 2A, lane d) in which both embry-
onic and adult globin synthesis is known to take place (32). The
adult globin mRNA transcript is =800 nucleotides in length as
previously characterized (33). Longer exposures of these filters
a bc
FIG. 1. Haplotype designation
by Southern blot analysis.-DNA (5
,ug) was digested with restriction
kb enzyme EcoRP, fractionated, trans-
- 14.0 ferredto nitrocellulose, and hybrid-ized to theHbb-/31`4probe. Lanes:
sine - 10.7 a, BALB/c mice; b, DDD Friend
cell line GM979; c, C57BL/10 mice.
- 4 DNA fragment sizes were deter-
mined from A phage DNA markers.
The 7.4-kb and 14-kb fragments
contain the globin genesHbb-31' dn*
and Hbb-.8 "^, respectively. The
hybridization to the Hbb-,32dmin-
containing fragment is weak be-
cause of inefficient transfer of the
large 14-kb fragment. The 10.7-kb
band contains two comigrating
fragments of equal size that con-
tainHbb-/31' and Hbb-82'. The 7.4-
kb fragment was designated 7.0 kb
by Jahn et al. (1).
revealed precursor molecules that were =1,800 nucleotides in
length (data not shown).
Transcription of the Embryonic Gene, Hbb-y. Filters like
those used to assay the adult RNAs were prepared and probed
with the embryonic cDNA clone. The DBA/2-derived cells did
not synthesize large amounts of Hbb-y RNA (Fig. 2B, lanes b
and c). However, we detected RNA in the GM979 cell line ho-
mologous to the Hbb-y probe after butyric acid induction (Fig.
2B, lane a). In addition, longer exposures of the filter showed
that the GM979 RNA contained larger transcripts (1,800 nu-
cleotides) homologous to the embryonic probe (data not shown).
The Hbb-y probe was specific for Hbb y sequences (Fig. 3).
The single fragment hybridizing most intensely (1.1 kb) is
known to contain the Hbb-y gene. This probe did not detect the
Hbb-z gene. There was, however, some cross-hybridization to,




















FIG. 2. Hybridization of probes to MEL cell RNA. Total cellular
RNA from MEL cells (induced lines, lanes a-c; uninduced lines, lanes
e and f) was denatured and subjected to electrophoresis in a 0.8% agar-
ose/formaldehyde gel for 3.5 hr at 150 V. After electrophoresis, the
RNA was transferred to nitrocellulose, baked, and hybridized to the
following P-globin gene probes: Hbb-,Ild'v (A), Hbb-y3 (B), Hbb-(3hO
(C), and Hbb-,Bhl (D). All.gel lanes contained the RNA concentration
from the following sources: a, 25 Ig from DDD line GM979 induced
with butyric acid for 72 hr; b, 15 tg from DBA/2 line 6A11A induced
with butyric acid for 72 hr; c, 15 /Ag from DBA/2 line 6A11A induced
with Me2SO for 44 hr; d, 25 ug from 14-day BALB/c embryo; e, 10 ,g
from uninduced DDD line GM979; and f, 10 ,yg from uninduced DBA/
2 line 6AlA. (E) Longer exposure of the filter shown in D. Lane a
contains an 1,800-nucleotide Hbb-(3hl transcript in addition to the
predominant 800-nucleotide transcript. (Note that the faint bands in
spacer lanes between lanes a and b and between lanes e and f are due
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f-globin homologous and adult genes as judged by the genomic
DNA controls (Fig. 3). This cross-hybridization did not lead to
a significant signal in the RNA gel blots as assessed by the small
amount of hybridization seen with the embryonic probe (Fig.
2B, lanes b and c) relative to the large amounts of adult RNA
in the induced [Hbb]d cell lines (Fig. 2A, lanes b and c). There
was not an equally strong control to rule out the possibility that
this Hbb-y probe was detecting /B-globin homologous gene tran-
scripts. However, hybridization of the Hbb-y probe to digests
of genomic DNA (Fig. -3) suggests strongly that such cross-hy-
bridization should be no greater than that seen with /-globin
adult gene transcripts.
Transcription of the 8-Globin Homologous Genes. A large
amount of transcript complementary to f3hO and /3hl was found
in the induced GM979 DDD cell line (Fig. 2 C and D, lane a).
The f3hO and /3hl probes both hybridized with the same DNA
sequences (Fig. 4) and, hence, were not capable of distinguish-
ing between f3hO and /3hl transcripts. This shared homology
between (3hO and O3hl is what we would expect from our partial
sequence data. Therefore, we shall refer to the RNA detected
by these probes as fhO/1 transcripts. The prevalentI(3hO/ tran-
script was -800 nucleotides in length (as measured from rRNA
markers), which is the same size as mature adult A3-globin gene
message. Longer exposures (Fig. 2E) showed a larger transcript
that was 1,800 nucleotides in length. This band may represent
a /3hO/l precursor transcript. fBhO/l transcripts were present
in substantially reduced levels in uninduced cultures (Fig. 2C,
lane e). We have not yet determined whether the embryonic
and f3h0/l expression found in GM979 cells can be stimulated
by other inducers. Previous studies have shown that globin gene
expression differs with respect to response to various inducers
(15, 20, 30, 34, 35).
There was detectable hybridization between the f3hO/
probes and RNA prepared from 14-day [Hbb]d embryos (Fig.
2E, lane d). However, we cannot eliminate the possibility that
this is due to cross-hybridization of the /3hO/l probe with the
large amounts of adult and Hbb-y transcripts (Fig. 2A, lane d
and Fig. 2B, lane d). On the other hand, it is clear from an ex-
amination ofthe data in Fig. 2 that the hybridization to the /3hO/
1 probes seen with GM979 RNA must be due to a /Bh0/l tran-
script and not to cross-hybridization to adult or Hbb-y RNAs.
There are large amounts of adult globin RNA in all of the in-
duced MEL lines and in the RNA from 14-day embryos. Like-
wise, large amounts ofHbb-y transcripts were detected in RNA
from 14-day embryos. Although we do not have a probe for
kb
10 - - FIG. 3. Embryonic probe hybrid-32t ization to GM979 DNA. GM979 DNA
(5 jig) was digested with EcoRI, sub-
4 8 - (t_ 3h3 jected to electrophoresis in a 1.0%agarose gel, and transferred by the
3.6- -(hO//3hi Southern procedure to nitrocellulose.
The filter was hybridized to the em-
bryonic cDNA probe. The 1.1-kb band
2.3 - -,8h2lohl that hybridizes to the probe contains23 f~h2/f~hl the Hbb-y' gene. Genes contained in
the minor hybridizing fragments are
indicated on the right. The 3.6-kb frag-
ment contains the 5' part of Hbb-(3hl.
: Ld The 2.3-kb fragment contains the 3'
1.1-t | |-y part of Hbb-(3hl in addition to Hbb-
a(3h2. Fragment sizes were determined
from EcoRI and HindIII digests of A
phage DNA samples in parallel lanes.
a b
FIG. 4. Southern gel analysis
with Hbb-,3hO and Hbb-(3hl probes.
BALB/c DNA (5 ,ug) was digested
with BamHI, subjected to electro-
phoresis in a 1.0% agarose gel, and
transferred by the Southern pro-
cedure to nitrocellulose. Lanes: a,
hybridization to ,BhO probe; b, hy-
bridization to 3hl probe. The two
- Ohl bands (4.7 kb and 3.9 kb) that hy-
bridized are known to contain the
(Ohl gene and B3hO gene, respec-
- B3hO tively.
detection of Hbb-z transcripts, 14-day embryos are also ex-
pected to contain that transcript. Strong ,BhO/l hybridization
is seen only in GM979 RNA. Hence, the /3hO/l hybridization
in GM979 cannot be due to cross hybridization with the adult
or Hbb-y RNAs.
No fh2 transcripts were detected in the uninduced or in-
duced MEL cell lines or in the RNA from 14-day embryos (data
not shown).
DISCUSSION
A recent study by Affara et aL (36) reported the existence of a
Hbb-y3-like ,B-globin mRNA, which appeared to be expressed
in fetal erythropoietic cells but not in nucleated erythrocytes
of yolk sac origin or in mature adult enucleated erythrocytes.
'The Hbb-y-like transcript also was found in the M2 MEL cell
line (36). This is a subclone derived from the 745 MEL line,
which has the [Hbb]d ,B-globin haplotype. Similarly, we see an
abundant Hbb-y transcript in the butyric acid-induced MEL
cell line, GM979. However, that cell line has the [Hbb]S hap-
lotype. The [Hbb]d DBA/2-derived cells that we have studied
showed no significant levels ofHbb-y transcript after induction
with Me2SO or-butyric acid. These differences in the presence
or absence of a Hbb-y transcript in the DBA/2-derived cells
may be due to differences that have accumulated in the different
cell lines.
In addition to the Hbb-y transcript, we see in butyric acid-
induced GM979 cells an abundant transcript that hybridizes to
the homologous /3-globin genes, Hbb-/3h0 and Hbb-/3hl. Sig-
nificant levels ofthis transcript were not found in induced DBA/
2 cells. The predominant ,BhO/l transcript has a size similar to
that of mature globin mRNA. There is also a minor band that
hybridizes to the /3hO/l probe and has the same relative inten-
sity to the major band as does the adult precursor to its mature
transcript. If the minor /3h8/1 band of 1,800 nucleotides rep-
resents the precursor for the smaller 800-nucleotide transcript,
then its existence argues for an RNA transcript that is much like
a normal f3globin mRNA in stability and processing.
We have used two criteria to verify the specificity of hybrid-
ization of our probes. First, probes were hybridized to digests
ofgenomic DNA, and the bands that were depicted by hybrid-
ization were identified. Second, the probes were checked for
their cross-hybridization in gel lanes known to contain large
amounts of adult or embryonic RNA. In regard to the first test,
all probes were shown to have a high degree of specificity by
their patterns of hybridization to digests of genomic DNA. In
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regard to the second test, the [hO/1 probes showed no signif-
icant hybridization to gel lanes known to contain large amounts
ofadult globin or Hbb-y RNA. Thus, we can conclude with con-
fidence that the (3hO/1 hybridization seen in butyric acid-in-
duced GM979 cells is not due to cross-hybridization to either
adult or Hbb-y transcripts. (The hybridization of the [3hl probe
to 14-day mouse embryo RNA in Fig. 2, lane d, may indicate
a negligible amount of cross-hybridization to Hbb-y transcripts
or the actual presence of trace amounts of fhO/l transcripts.)
In a similar test, the Hbb-y probe showed- no hybridization to
control gel lanes containing adult transcripts and, therefore,
detection of Hbb-y transcripts in GM979 cells is not due to
cross-hybridization to adult transcripts. However, the conclu-
sion that the Hbb-y hybridization is not due to cross-hybrid-
ization to the fhO/l transcripts cannot be tested in this way,
for no RNA source is available that contains fhO/l transcripts!
but no Hbb-y transcripts.. Therefore, our conclusion that Hbb-
y hybridization is not due to cross-hybridization to the fhO/l
transcripts is based on the specificity of hybridization to ge-
nomic DNA.
It is clear from these results that the induced DDD MEL line
contains large amounts of transcripts from the fhO//1hl genes.
Ofwhat consequence is this transcript? The data presented here
do not allow us to distinguish between several possible roles for
such a transcript.
At one extreme, it is possible that the fhO/l transcript in
MEL cells is simply a consequence of the peculiarities of the
GM979 transformation event, with no counterpart in the intact
mouse. Alternatively, it may exist in the mouse but not be trans-
latable to produce a protein product. Such a nontranslated RNA
could be simply the residual product of an inactivated gene, or
it might conceivably have some as yet unidentified function. For
example, such a transcript could have evolved to chelate globin-
targeted regulatory molecules in such a way as to modulate their
effective concentration.
We believe that the level of expression of the PhO/l tran-
script suggests a functional gene. The most obvious role for a
j3hO0/ transcript would be to specify a globin or globin-like
protein. DNA. sequence analysis ofRho (A. Hill and M. G.
Davis, personal communication) does not reveal any obvious
defect that would prevent translation ofa transcript ofthis gene.
Many careful studies of the mouse globins have indicated that
only four that' are -globin-like are synthesized during the var-
ious normal differentiative stages or after anoxic stress (7, 32,
37-39). However, the fphO/1 DNA sequences do not corre-
spond to any of the published mouse 3globin amino acid se-
quences. There have been reports of additional fetus-specific
hemoglobins, but their existence other than as electrophoretic
artifacts remains controversial (15, 36, 40-43). The MEL cell
system described here should. have advantages over whole an-
imal studies for the detection and characterization ofany protein
products of the /3-globin homologous genes.
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